; see also Figure  S1 in the Supplemental Data available with this article online). We therefore proposed that Lk6 is the Drosophila Mnk ortholog.
/lk6
2 heteroalLk6 is the functional homolog of mammalian Mnk kilelic combination, which shows a more severe phenonases. We generated lk6 loss-of-function alleles and type than lk6 1 homozygotes. lk6 1 /lk6 2 flies have reduced found that eIF4E phosphorylation is dramatically reviability (45% lethality) and a 20% reduction in mass in duced in lk6 mutants. Importantly, lk6 mutants exhibit adult males and 25% in females as compared to heteroreduced viability, slower development, and reduced zygous controls (Figures 2A and 2B ). Figure 4C ). These results indicate that the major growth and developmental defects resulting from reduced eIF4E function are efficiently compensated by increased Lk6 kinase activity. If lk6 T424D expression rescues eIF4E mutants through the ability of the kinase to interact with phosphorylatable eIF4E, it should not further rescue an eIF4E mutant expressing a nonphosphorylatable form of eIF4E (eIF4E
Ser251Ala

). We tested this hypothesis by expressing a UAS-eIF4E
Ser251Ala construct under the control of the ubiquitous daughterless-Gal4 driver in an eIF4E
Scim-a / eIF4E 67Af background. In these conditions, eIF4E
Ser251Ala
expression only weakly rescues the larval lethality of the mutant, whereas eIF4E wt expression provides a complete rescue. Coexpression of lk6 T424D with eIF4E
did not provide a better rescue, indicating that Lk6 cannot act through nonphosphorylatable eIF4E Ser251Ala (see Table 1 ). Overall, these data demonstrate that Lk6 positively controls eIF4E function through its phosphorylation and is required for growth and development.
In support of this conclusion, we found that, once 
In mammalian cells, Mnks are phosphorylated by Erk and p38 kinases on two conserved Threonine residues in their catalytic domain [2, 3]. Whereas Mnk2a exhibits a nonregulated high basal activity, phosphorylation of Mnk1 by MAP kinases greatly enhances its eIF4E kinase activity (for review, [4]
). Interestingly, the Erk/p38-targeted residues, as well as the MAPK binding domain present in Mnks, are conserved in Lk6 (see Figure S1 ). This, as well as the fact that Lk6 was found in an overexpression screen for modifiers of the ras-signaling pathway in the Drosophila eye [10] , suggests that, as in the case of Mnks, Lk6 activity is linked to the ras/MAP kinase cascade in vivo.
Although phosphorylation of eIF4E has been consistently associated with activation of protein synthesis, studies in mammalian tissue culture cells have yielded contradictory results concerning the functional significance of eIF4E phosphorylation during translation initiation [11] [12] [13] . In particular, recent biophysical data established that phosphorylation of eIF4E reduces its affinity for capped mRNA [14] , suggesting a model in which membranes (phalloidin-FITC, green) and nuclei (Propidium iodide, lian cells [13] . Indeed, in the course of our experiments, we observed that strong Lk6 overexpression in the eye disc leads to subtle growth impairments (data not shown). This suggests that a precise control of eIF4E phosphorylation is necessary for optimal translation and growth machinery function in vivo.
Recent genetic analysis of double Mnk1/Mnk2 knockout mice has revealed that both kinases are dispensable for growth and development [15] . This difference with our results in the fly could be because of redundancies or compensatory mechanisms taking place in the regulatory circuitry of mammals. The Drosophila system might thus provide a simpler version of an integrated developing model, allowing important cell regulatory mechanisms to be uncovered. 
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